Gnotobiotic (GB) mice were colonized with various groups of intestinal bacteria to determine which members of the indigenous nora would exert colonization resistance against Pseudomonas aeruginosa. P. aeruginosa was cultured from the faeces at levels of 103_104cells/g in GB mice inoculated with either the combination of bacteroides and clostridia obtained from conventional (CV) mice or the combination of bacteroides, lactobacilli and clostridia obtained from limited nora mice. The combination of lactobacilli and clostridia from CV mice also did not eliminate P. aeruginosa from GB mice. However, P. aeruginosa was not detected in the faeces of GB mice by 14 days after inoculation with the combination of bacteroides, lactobacilli and clostridia obtained from CV mice. Thus, a complex indigenous nora consisting of bacteroides, lactobacilli and certain clostridia obtained from CV mice but not clostridia obtained from limited nora mice is required to exert complete colonization resistance against P. aeruginosa in GB mice.
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The colonization of experimental animals raised under a barrier system with Pseudomonas aeruginosa is a serious problem. Radiation (Miller, Hammond & Tompkins, 1950; Flynn, 1963; Hightower, Uhrig & Davis, 1966) , cold stress (Halkett, Davis & Natsios, 1968) (Hightower, Uhrig & Davis, 1966; McDougall et al., 1967) .
It is suggested that the ability of P. aeruginosa to colonize the alimentary tract of mice is related to the composition of the indigenous intestinal flora (Urano & Maejima, 1978b; Itoh et al., 1983a 
Materials and methods Animals
CF#1 female mice (2-5 months old) were raised under conventional (CV) and germ-free (GF) conditions at the Institute of Physical and Chemical Research. CV mice were housed in metal cages in the animal quarters and were given commercial food pellets (FR-l: Funabashi Animal Farm Co. Ltd, Funabashi, Japan) and water without sterilization. GB mice were housed in metal cages placed in Trexler-type flexible vinyl isolators sterilized with 2% peracetic acid and were given FR-l pellets sterilized by y irradiation (5 Mrad). Metal cages containing wood shavings and water were introduced into the isolators after sterilization at 121°C for 2 h. Mice infected with P. aeruginosa were given HCI-treated water (pH 2·5).
Micro-organisms P. aeruginosa strain 15 (Maejima et al., 1972a) and Escherichia coli strain E-17 (Maejima et al., 1970) isolated from the faeces of SPF ICR mice were cultured in trypticase soy broth and incubated at 37°C for 24 h. Lactobacillus acidophilu.\' strain 129, L. murinus strain 91 and L. fermentul/1 strain 106 (L strains) were isolated from the faeces of CV mice in our laboratory (Itoh et al., 1983b) and were cultured in M-SMlO broth (!toh & Mitsuoka, 1985b) .
M-SMlO broth was used as the basal medium for culturing bacteroides to determine their biochemical characteristics.
The biochemical tests were performed as previously described (!toh & Mitsuoka, 1985a) . The biochemical characteristics of these bacteroides are shown in Table 1 . All strains were inoculated into the rectum and orally inoculated into the stomach of GB mice. The inoculations were repeated twice at 5 day intervals. Mice inoculated in this manner were maintained in a GF isolator and served as a source of bacteroides for subsequent experiments.
Limited flora mice and GB mice inoculated with 46 strains of clostridia (F strains) isolated from faeces of limited flora mice (Itoh & Mitsuoka, 1985a) were used for the source of clostridia.
Treatment of faeces with chloroform
A chloroform-treated faecal suspension (CHF faeces) was prepared as previously described (Itoh & Mitsuoka, 1980) ,
Bacterial culture techniques
Bacterial counts in the faeces were obtained as described earlier (Itoh et al., 1983a) , For detection of pseudomonas in faeces harbouring less than 10 3 cells/g of faeces, samples were inoculated into nalidixic acid-cetrimide (NAC) broth incubated at 37°C for 48 h. One loopful of the growth was placed onto NAC agar and incubated at 37°C for 48 h in order to confirm pigment production (Maejima et al., 1972b) .
Association of bacteria
GB mice monoassociated with E. coli E-17 for 2 days were inoculated via the stomach and rectum with 1 ml of faecal suspension or a culture of anaerobic isolates. Three weeks after the first inoculation, the mice were given P. aeruginosa 15 orally.
Results
CV, GB and ex-GF mice inoculated with either CV mouse faeces or CHF faeces were given various dosages of P. aeruginosa orally and the faeces were tested at 7, 14 and 21 days for P. aeruginosa. When 10 7 cells of P. aeruginosa were given to CV mice, P. aeruginosa was never detected in the faeces. In ex-GF mice inoculated with CV mouse faeces, P. aeruginosa was eliminated from the intestines when 10 3 or 10 5 P. aeruginosa were inoculated but not when 10 7 cells were inoculated. Although the numbers and frequency of occurrence of P. aeruginosa in faeces of ex-GF mice inoculated with CHF faeces were very low when they were given with 10 3 and 10 5 cells, P. aeruginosa was not eliminated 199 completely even when the inoculum contained as few as 10 3 cells (Table 2) . GB mice were inoculated with various groups of bacteria (Table 3) and their faecal flora was examined 3 weeks after the first inoculation (Table 4 ). All bacterial groups colonized the GB mice. Furthermore, there were no differences in the population levels of each bacterial group, except for E. coli.
These GB mice were inoculated subsequently with P. aeruginosa and the faecal population levels were determined 7, 14 and 21 days later (Table 5) . GB mice inoculated with CHF faeces 1, or with CHF faeces 1 plus bacteroides, were unable to eliminate P. aeruginosa from their intestines. In GB mice inoculated with CHF faeces 1 and L strains (group 4), P. aeruginosa was not detected in two out of six mice even from NAC broth cultures, but P. aeruginosa was detected in broth cultures of faeces from all mice in groups 3, 5, 7 and 8. The ( 1/5) 3·0 ± 0·00 (215) 9·0 ± 0·16 (5/5) 8·4 ± 0·17 (5/5) 8·8 ± 0·05 (5/5) ·Mean ± SD of log (0 of the count of P. aeruginosa per gram of faeces (number of subjects that harbour more than 10 3 cells per gram/number tested). tGB mice previously administered with E. coli E-17 were inoculated twice at intervals of 5 days. Faecal nora was examined in a mixture of faeces from threc micc in each group. tSee Table 3 . :I: Log 10 of the number of cells per gram of faeces when present. tMice were inoculated with 3·8 x 10 6 organisms.
:t:Mean ± SO of logto of the count of P. aeruginosa per gram of faeces (number of micc that harbour more than 10 3 cells per gram/number tested). §Number of positive cultures in NAC broth/number tested.
combination of CHF faeces 1, L strains and bacteroides eliminated P. aeruginosa from the intestines of OB mice. However, OB mice inoculated with the combination of CHF faeces 2, L strains and bacteroides or with the combination of F strains, L strains and bacteroides were unable to eliminate the inoculated P. aeruginosa.
Discussion
It has been reported that clostridia obtained from CY mouse faeces are able to reduce the caecal size of OB mice to normal and that both clostridia and lactobacilli are necessary to reduce E. coli intestinal populations to normal levels (Hazenberg & Custersvan Lieshout, 1976; Itoh & Mitsuoka, 1980) . Bacteroides, in addition to clostridia and lactobacilli, were required to eliminate P. aerllgillosa from OB mice. Comparative examinations of the faecal flora showed that the numbers of extremely oxygensensitive bacteroides are low in SPF mice compared with CY mice (Itoh et al., 1983a) . These low levels of bacteroides may be one of the reasons why P. aerllginosa more readily colonizes SPF mice than CY mice. However, the most important combination of bacteria for eliminating P. aeruginosa in this study was clostridia from CHF faeces plus lactobacilli, since OB mice inoculated with CHF faeces or with CHF faeces plus bacteroides did not eliminate P. aerllginosa from their intestines. P. aerllginosa was able to reach the same population levels in either OB mice inoculated with the combination of CHF faeces from limited flora mice, lactobacilli and bacteroides (group 7), or OB mice inoculated with the combination of F strains of clostridia isolated from limited flora mice, lactobacilli and bacteroides (group 8), although P. aerllginosa was eliminated from OB mice inoculated with the combination of CHF faeces from CY mice, lactobacilli and bacteroides (group 6). It should be noted that the clostridia required for colonization resistance against P. aerllgillosa may have been eliminated in the procedure for the production of limited flora mice (Itoh & Mitsuoka, 1985a) . It has Control of Pseudomonas aeruginosa been reported (Ducluzeau et al., 1977) that the antagonistic effect of extremely oxygen-sensitive clostridia obtained from CV mice upon Shigella flexneri colonization was only produced by a particular species of clostridia. The numbers of E. coli cells present in GB mice of groups 6, 7 and 8 were lOs'3/g, 106'K/g and lOK'5/g respectively.
Our results and those previously reported by Srivastana (1978) suggest that there are differences between the species of clostridia which resist P. aeruginosa colonization and those species which control the intestinal population levels of indigenous E. coli.
Further studies are necessary to determine the minimum combination of bacterial species required to antagonize intestinal colonization by P. aeruginosa.
